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We evaluated the population-based effects of mammography screening on the distribution of tumor-nodemetastasis (TNM)-T categories with regard to different histological subgroups of breast cancer. Patients and Methods: Women diagnosed with breast cancer between 2002 and 2008 were included. The annual agespecific incidence rates separated by T category were calculated for different histological subgroups and plotted against time. Time trends were analyzed not only in the screening population but also based on women aged 15-49 and ≥70 years, respectively. Furthermore, correlation coefficients were calculated in order to evaluate the possible association between participation rate and incidence of certain TNM-T categories. Results: With ductal carcinomas, the incidence of early-stage tumors shows a strong increase in the screening population and a significant correlation with the participation rate, whereas with lobular carcinomas there is a stagnation of incidence in women aged 50-69 years irrespective of TNM-T category. Conclusions: Short-term effects of mammography screening can already be demonstrated. However, depending on breast cancer type, not all women appear to benefit from screening. The expected long-term reduction of breast cancer mortality remains to be seen.
Introduction
Breast cancer is the most frequent cancer in women in Germany with regard to both incidence and mortality [1] . The World Health Organization (WHO) recommends screening programs for the early detection of breast cancer [2] . The main aim of the screening is the reduction of mortality due to breast cancer. Currently, for the target population (women aged 50-69 years), mammography screening is considered as the only method of early detection that can achieve this goal. Therefore, an organized, population-based and qualitysecured program is recommended [3, 4] .
In Germany, all women aged 50-69 years are invited every 2 years to participate in the mammography screening program.
The Bavarian mammography screening (BMS) program was introduced in 2003. In 2006, it was transferred into the German mammography screening (GMS) program according to the European guidelines for quality assurance in breast cancer screening and diagnosis [5] . The population-based participation rate per year is given in table 1. Since only about half of the target population is entitled to screening per year, the total screening participation rate within a 2-year screening interval is the sum of two 1-year-based participation rates.
The long-term effectiveness of the mammography screening has already been shown in several studies (e.g. [6] [7] [8] [9] [10] [11] ) which required a long observation time. Since in Bavaria the screening was introduced only in 2003, the evaluation of the effectiveness of mammography screening is currently limited to short-term effects. Cancer mortality is strongly associated with the tumor size at the time of diagnosis [12] . Therefore, the tumor size can be used as surrogate criterion for the crude estimation of long-term prognosis of breast cancer.
This study examines population-based effects of mammography screening in different histological subgroups of breast cancer using the distribution of tumor-node-metastsis (TNM)-T categories as crude estimate of the long-term prognosis.
Material and Methods
Generally, a completeness of cancer registration of at least 90% of the expected cases is required in order to achieve valid estimates of incidence [13] . In Bavaria, this prerequisite has been achieved in all years between 2003 and 2008 with respect to breast cancer in women. In 2002, the completeness of registration was 88%. Since the TNM category distribution is usually stable with a registration completeness of at least 70% [14, 15] , the year 2002 was used to analyze the TNM-T category distribution prior to the implementation of mammography screening. Therefore, data related to breast cancer in women diagnosed between 2002 and 2008 were included in the present study. Cancer cases registered as 'death certificate only' (DCO) (all age groups: 7865 cases (11.2%); 50-69 years: 1465 cases (4.4%)) cannot provide any staging information and were excluded from the analyses.
Age-specific incidence is given as rate per 100,000 women per year. Annual age-specific incidence rates separated by TNM-T category were calculated for different histological subgroups and plotted against time. Time trends were analyzed not only in the screening population but also in the 2 population groups of women aged 15-49 years and 70 years and above. Incidence rate differences were computed with regard to histological type, age group, and TNM-T category. The corresponding 95% confidence interval (CI) was calculated based on a commonly used method [16] .
Additionally, the frequency distribution of histological cancer types in the target population was computed.
Furthermore, correlation coefficients were calculated via analysis of covariance, thus accounting for repeated observations within screening units [17] in order to evaluate the possible association between the population-based participation rate and the distribution of TNM-T categories. Since the start of organized screening was in 2003, the participation rate was not measured in 2002. Therefore, the year 2002 was excluded from the computation of correlation coefficients. The respective 95% CIs were computed using the bias-corrected, accelerated (BCa) bootstrap [18] .
All calculations were made using SPSS version 17 (SPSS Inc., Chicago, IL, USA), Microsoft Excel for Windows version 2002 (Microsoft Corp., Redmond, WA, USA), and the statistical software R version 2.11.1 (R Foundation for Statistical Computing, Vienna, Austria).
The number of cases of incident breast cancer (n = 62,572) with regard to different histological subgroups is given in table 2, together with the respective International Classification of Diseases for Oncology (third edition) (ICD-O-3) morphology codes [19] . 2-year screening interval participation rates can be calculated as sum of two 1-year-based rates. In figure 1 , the frequency distribution of histological tumor types is plotted against time with respect to women aged 50-69 years. While the percentage of ductal carcinoma in situ (DCIS) increased steadily, the percentage of lobular carcinoma in situ (LCIS) hardly changed. Invasive ductal carcinoma (IDC) showed only a small increase. On the other hand, the percentages of invasive lobular carcinoma (ILC) decreased during the study period.
The most frequent types of breast cancer are ductal carcinoma (IDC, DCIS) and lobular carcinoma (ILC, LCIS), which accounted for 88.5% of all breast tumors in 2002 and for 93.7% in 2008, respectively.
Ductal Carcinoma
With an initial percentage of 74% in the year 2002, the ductal carcinoma (including DCIS) is the most frequent tumor type in breast cancer patients. Thus, the effects of mammography screening on this type will have a big impact on the overall effects.
The trends of the TNM-T stages for ductal tumors for women aged 50-69 years are displayed in figure 2. Early stages (in situ and invasive tumors < 1 cm) strongly increased, whereas the incidence of the TNM-T categories T1c, T1x, and T2 as well as the total incidence initially increased until 2005, followed by a decrease between 2005 and 2007, and increased afterwards once more. To date, no obvious trend could be observed with the T3-and T4-staged tumors.
If TNM-T category shifts in the target population (women aged 50-69 years) are due to screening, these category shifts should be absent in the 2 other age groups (15-49 and ≥ 70 years). We therefore compared the time trends of incidence in the screening population with those in women aged 15-49 years and in women aged ≥ 70 years. In the screening population, the incidence of ductal carcinomas with the TNM-T categories Tis, T1mic, T1a, and T1b ( fig. 3) 
The impact of screening on the incidence of early-stage tumors in the screening population was further assessed by calculating the correlation between participation rate and incidence of tumors with the TNM-T categories Tis, T1mic, T1a, and T1b. For ductal carcinomas, we found a strong positive correlation (r, 0.85; 95% CI, 0.71-0.90).
The age-specific incidence of invasive tumors with a size of at least 10 mm (TNM-T categories T1c, T1x,T2, T3 and T4) in the screening population rose from 142 to 161 cases per 100,000 women per year between 2002 and 2008, with a decline between 2005 and 2007 ( fig. 3 ). For these TNM-T categories, we identified a moderate positive correlation of 0.33 (95% CI, 0.03-0.58). By contrast, the incidence in women aged 15-49 years was nearly constant. In women aged 70 years and above, we observed a notable increase in incidence from 2002 to 2005 and a slight decrease afterwards. The rise in both upper age groups may be due to the 15- 
zero))
. This result appears to underline the missing impact of mammography screening on the incidence (and hence, the detection) rate of lobular carcinomas in Bavaria.
Summary
A summary of the project results is given in table 4. For the observation period of 2003-2008 -from the implementation of screening till the end of the study -the incidence rate differences were calculated for different age groups, prognostically favorable and advanced tumors, and the most frequent histological tumor types.
Discussion

Ductal Carcinomas
Ductal carcinomas occur in the milk ducts (latin: ductus lactiferi) of the breast. Ductal carcinomas often possess calcifications, which are usually well recognizable in a mammogram [3] . Therefore, ductal carcinomas are expected to be easily detected by mammography screening.
increasing registration completeness in the respective time period.
Lobular Carcinoma
The lobular carcinoma is the second most frequent type of breast cancer and accounted for almost 15% of (in situ and invasive) breast carcinomas in 2002. We therefore assessed the annual incidence of this tumor type separated by TNM-T category ( fig. 2 ) in women aged 50-69 years. In contrast to the results obtained in ductal carcinomas and regardless of TNM-T category, we did not observe any relevant changes in the incidence rate. Likewise, in the other 2 age groups, neither for early stages (in situ and invasive tumors below a size of 1 cm) ( fig. 3 ) nor for advanced tumors (invasive tumors above a size of 1 cm) ( fig. 3 ) a relevant time trend of the incidence rate was observed.
As expected, we did not find a relevant association between participation rate and incidence rate of lobular carcinomas, for both early-stage tumors (r, 0.07; 95% CI, 0.00-0.25 (r significantly different from zero)) and advanced tumors (r, 0.12; 95% CI, 0.00-0.35 (r significantly different from (possibly due to increasing registration completeness) and decreased slightly afterwards.
Initially, after the introduction of mammography screening, the detection (and incidence) rate of ductal carcinomas can be expected to rise regardless of tumor size, which is what we observed. After some years, however, small (i.e., newly developed) tumors are on average detected more frequently than larger tumors (which on average may have already been detected during previous screening rounds). Hence, the incidence rate of larger tumors is expected to drop several years after the introduction of screening. However, the observation period of this study is too small to observe such a decline attributed to screening, and which remains to be seen.
Lobular Carcinomas
Lobular carcinomas occur in the glandular lobules of the breast. It is difficult to distinguish lobular carcinomas from the tissue of origin because they usually possess no typical In contrast to women aged 15-49 and 70+ years, our results demonstrate an approximate doubling of the incidence of DCIS and invasive carcinoma with a size of less than 10 mm in women aged 50-69 years between 2003 and 2008.
We also evaluated incidence trends in the narrower age groups 30-49 (instead of 15-49), 50-54, 55-59, 60-64, and 65-69 (instead of 50-69) years. We identified a larger increase in incidence of early-stage tumors in the age groups 60-64 and 65-69 years compared to the age groups 50-54 and 55-59 years (results not shown). However, in the age group 30-49 years, a similar trend was observed as in the age group 15-49 years.
With regard to tumors with a size of 10 mm and above (TNM-T categories: T1c, T1x, T2, T3, and T4), the incidence in women aged 50-69 years rose until 2005, followed by a fluctuation. By contrast, without significant trend, the respective incidence stagnated in women aged 15-49 years, whereas the incidence in women aged 70+ years increased until 2005 Fig. 3 . Age-specific incidence (rates per 100,000 women per year) of ductal and lobular carcinomas with TNM-T categories Tis, T1mic, T1a, T1b and T1c, T1x, T2, T3, T4 plotted against time, separated by age group. Braisch/Geiss/Radespiel-Tröger/Meyer nistic screening can be assumed to increase the incidence of breast cancer in women aged below 50 or above 70 years of age. Furthermore, due to the lack of measures of quality assurance in opportunistic screening, it can be expected to lead to an increased rate of false-negative diagnoses, regardless of the age group. Therefore, opportunistic screening will tend to downward bias the estimates of the screening effectiveness. Thirdly, an increased public awareness of breast cancer stimulated by increased media coverage may lead to an increased rate of self-examinations and consultations with doctors, with a possible consecutive increase in the number of breast cancer diagnoses, which in turn would also downward bias the estimates of the effectiveness of the official screening program.
Fourth, the increasing completeness of breast cancer registration in Bavaria between 2003 and 2005 may have led to an apparently increased breast cancer incidence among all age groups in that time period, which in turn may have biased the estimates of the effectiveness of the screening program.
Fifth, the insufficient completeness of registration of breast cancer in Bavaria prior to 2002 limits the available sample size for the estimation of the TNM-T category distribution prior to the introduction of the screening program, thus reducing the precision of the obtained estimates.
Conclusions
Despite the discussed limitations, short-term effects of organized mammography screening, based on the observed TNM-T category shifts, can already be demonstrated for ductal carcinomas, which tend to be diagnosed at earlier stages.
However, our results also demonstrate remarkable differences between the different histological tumor types. While the ductal carcinoma offers a good detectability, the lobular carcinoma is only rarely recognized by mammographic screening. We conclude that mammographic screening does not detect all histologic tumor types with sufficient reliability.
An evaluation of the breast cancer mortality in Germany in view of the effect of mammography screening is in preparation. mammographic features such as calcifications [3] . For this reason, they are only detected infrequently by mammographic screening, which in turn leads to frequent false-negative findings [3] . Therefore, LCIS are commonly detected as an incidental finding in a biopsy resulting from a mammographic abnormality or a palpable mass [3, 22] .
With regard to the incidence rates of lobular carcinomas, no relevant time trends were noted in all age groups, regardless of TNM-T category.
Based on our results, it can therefore be concluded that lobular breast cancers escape mammographic detection quite often, so that organized mammography screening currently does not influence the detection rate and the incidence of lobular carcinoma in Bavaria.
Comparison of Results with Existing Literature
Previous reports from Sweden and Geneva (Switzerland) also showed an increased incidence of in situ and invasive ductal breast cancers due to mammography screening [23, 24] . In the Southern Netherlands, the incidence of DCIS increased markedly in women aged 50-69 years since the introduction of screening in 1992, and with a time lag of 6 years in women aged 70-75 years, whereas the screen-detected incidence paralleled the overall incidence [25] .
Likewise, in Sweden, the incidence of LCIS did not change over time [23] , but unlike our results, a slightly increased incidence of invasive lobular breast cancers was demonstrated [23] . In Geneva, a sharp rise in the incidence of ILC was indeed shown, but this was present in all age groups and therefore was presumably caused by other factors than mammography screening [24] .
Furthermore, in view of the overall breast cancer incidence, in a Swedish randomized trial in Östergötland, the incidence strongly increased in the group invited to mammography screening in comparison to the control group and decreased to the same incidence as in the control group after the end of the screening trial [11] .
In Germany, based on the evaluation report of the nationwide screening program for the years 2005-2007, considerably higher (lower) percentages of early-stage (advanced) tumors were noted in the screening participants compared with the reference population [26] .
Limitations of Our Study
The validity of our results is limited by a number of factors.
Firstly, individual pieces of information about invitation and participation status were not available at the PopulationBased Cancer Registry Bavaria. Thus, unfortunately, no comparison between screened and non-screened breast cancer patients was possible with regard to the distribution of TNM-T categories.
Secondly, no data is currently available on the rate of mammographic screening outside of the official screening program (i.e., opportunistic screening). In particular, opportu-
